Endurance exercise has been shown to improve lipid oxidation and increase mitochondrial content in skeletal muscle, two features that have shown dependence on increased expression of the peroxisome proliferator-activated receptor-g coactivator 1a (PGC1a). It is also hypothesized that exercise-related alterations in PGC1a expression occur through epigenetic regulation of nucleosome positioning in association with differential DNA methylation status within the PGC1a promoter. In this study, we show that when primary human myotubes from obese patients with type 2 diabetes are exposed to lipolytic stimulus (palmitate, forskolin, inomycin) in vitro, nucleosome occupancy surrounding the 2260 nucleotide (nt) region, a known regulatory DNA methylation site, is reduced. This finding is reproduced in vivo in the vastus lateralis from 11 healthy males after a single, long endurance exercise bout in which participants expended 650 kcal. Additionally, we show a significant positive correlation between fold change of PGC1a messenger RNA expression and 21 nucleosome repositioning away from the 2260 nt methylation site in skeletal muscle tissue following exercise. Finally, we found that when exercise participants are divided into high and low responders based on the 2260 nt methylation status, the 21 nucleosome is repositioned away from the regulatory 2260 nt methylation site in high responders, those exhibiting a significant decrease in 2260 nt methylation, but not in low responders. Additionally, high but not low responders showed a significant decrease in intramyocellular lipid content after exercise. These findings suggest a potential target for epigenetic modification of the PGC1a promoter to stimulate the therapeutic effects of endurance exercise in skeletal muscle. (Endocrinology 158: 2190(Endocrinology 158: -2199(Endocrinology 158: , 2017 
Endurance exercise has been shown to improve lipid oxidation and increase mitochondrial content in skeletal muscle, two features that have shown dependence on increased expression of the peroxisome proliferator-activated receptor-g coactivator 1a (PGC1a). It is also hypothesized that exercise-related alterations in PGC1a expression occur through epigenetic regulation of nucleosome positioning in association with differential DNA methylation status within the PGC1a promoter. In this study, we show that when primary human myotubes from obese patients with type 2 diabetes are exposed to lipolytic stimulus (palmitate, forskolin, inomycin) in vitro, nucleosome occupancy surrounding the 2260 nucleotide (nt) region, a known regulatory DNA methylation site, is reduced. This finding is reproduced in vivo in the vastus lateralis from 11 healthy males after a single, long endurance exercise bout in which participants expended 650 kcal. Additionally, we show a significant positive correlation between fold change of PGC1a messenger RNA expression and 21 nucleosome repositioning away from the 2260 nt methylation site in skeletal muscle tissue following exercise. Finally, we found that when exercise participants are divided into high and low responders based on the 2260 nt methylation status, the 21 nucleosome is repositioned away from the regulatory 2260 nt methylation site in high responders, those exhibiting a significant decrease in 2260 nt methylation, but not in low responders. Additionally, high but not low responders showed a significant decrease in intramyocellular lipid content after exercise. These findings suggest a potential target for epigenetic modification of the PGC1a promoter to stimulate the therapeutic effects of endurance exercise in skeletal muscle. (Endocrinology 158: 2190-2199, 2017) E xercise training is known to increase skeletal muscle mitochondrial content and function as well as improve insulin sensitivity, contributing to amelioration of the adverse effects of obesity and type 2 diabetes (T2D) on skeletal muscle physiology (1, 2) . Recent reports indicate that the beneficial effects of exercise associated with improvements in obesity and insulin resistance (IR) may occur through epigenetic regulation of skeletal muscle peroxisome proliferator-activated receptor-g coactivator 1a (PGC1a) (3) (4) (5) (6) (7) (8) . Hypermethylation specifically at the 2260 nucleotide (nt) has been observed in T2D skeletal muscle and during diet-induced IR (9, 10) . PGC1a is a transcriptional coactivator whose expression coordinates gene expression from the nuclear and mitochondrial genomes to determine metabolic adaptations, such as changes in mitochondrial number and function, in response to environmental input (2, 11, 12) . Concordantly, acute exercise epigenetically regulates skeletal muscle PGC1a expression through alterations in promoter methylation, leading to hypomethylation of the 2260 nt in the PGC1a promoter (9) , and hypomethylation leads to increased gene expression in association with exercise-induced increases in skeletal muscle mitochondrial number (13) . PGC1a epigenetic regulation at the 2260 nt may occur through a mechanism involving alterations in nucleosome positioning within the PGC1a promoter, as DNA methyltransferase 3b, the methyltransferase required for 2260 nt methylation (9), recruitment is dependent on nucleosome occupancy and positioning (14) (15) (16) (17) and the 21 nucleosome (N) has been shown to position over this the regulatory 2260 nt methylation site in PGC1a in association with decreased gene expression and increased cardiovascular disease risk in overweight and obese individuals (18) and in response to diet-induced obesity and IR in C57BL/6J mice (10) .
Exercise responsiveness, such as differences in PGC1a expression, involves interindividual variations that contribute to the metabolic response and beneficial effects of exercise (1, 19) . Differences in responsiveness provide important insights into mechanisms that determine preventative and therapeutic exercise prescription. Genetic factors account for some interindividual differences (20) (21) (22) (23) (24) ; however, genetic influences are often expressed before exercise but not after exercise (19) , suggesting that other factors may contribute to interindividual variation in response to exercise. The epigenetic contributions to exercise-related interindividual responses, leading to "high" and "low" exercise responders, are unknown. We hypothesize that the plasticity of epigenetic regulation of PGC1a contributes to interindividual variation in the metabolic responses to exercise within skeletal muscle. Specifically, we hypothesize that acute exercise leads to hypomethylation of skeletal muscle PGC1a and repositioning of the PGC1a 21 N away from the regulatory 2260 nt methylation site in association with exercise-induced metabolic benefits. The degree to which exercise induces beneficial metabolic responses may be attributed to the responsiveness of the epigenetic modifications within the PGC1a promoter. We tested this hypothesis by measuring exercise-induced variation in PGC1a DNA methylation, 21 N position, gene expression, and whole body and skeletal muscle metabolic responses in muscle biopsies from sedentary, lean men [N = 11; age, 24 6 1 years; body mass index (BMI), 23.2 6 0.55 kg/m 2 ) before and after an acute bout of exercise (50% maximal oxygen consumption, ;650 kcal).
Materials and Methods

Participants and exercise
The methods of the exercise bout were published previously by Galgani et al. (1) . Healthy, normoglycemic males (N = 11) 24 6 1 years of age with a BMI of 23.2 6 0.5 kg/m 2 reported to the laboratory after a 10-hour overnight fast, and a vastus lateralis biopsy (before) was obtained. After performing a 2-minute cycling warmup at 0 W, participants exercised on a cycle ergometer at 50% maximal oxygen consumption until reaching an energy expenditure of 650 kcal. Steady-state oxygen consumption was measured using a TruOne 2400 metabolic cart between 5 and 8 minutes after initiating the exercise and at intervals equivalent to 20%, 40%, 60%, and 100% of the entire exercise period to ensure fulfillment of the target exercise intensity. When necessary, workload was adjusted accordingly to ensure that participants were at 50% maximal oxygen consumption. Immediately after the exercise bout, a second muscle biopsy was obtained (after) from the vastus lateralis. Anthropometric measurements for study participants can be found in Table 1 . All experiments were reviewed and approved by the Pennington Biomedical Research Center Institutional Review Board.
Measurements of serum insulin and free fatty acids and intramyocellular lipid in skeletal muscle before and after acute exercise bout Serum insulin and free fatty acid (FFA) levels were measured as previously described (25) . Measures of intramyocellular lipid (IMCL) were as previously described using immunofluorescence techniques with Bodipy 494 dye (Molecular Probes, Eugene, OR) to stain for IMCL (1) . IMCL was determined using 
In vitro myotube experiments
A complete description of the in vitro myotube methods can be found in Covington et al. (25, 26) . Briefly, pooled primary human myotubes from five healthy (lean) male donors (BMI, 24.2 6 0.6 kg/m 2 ) and four obese, T2D male donors (BMI, 39.7 6 7.0 kg/m 2 ) were differentiated and analyzed under either basal conditions or following 3 days of treatment with a cocktail of 30 mM palmitate, 2 mM forskolin (a drug that increases cyclic adenosine monophosphate levels), and 1.6 mM ionomycin [palmitate, forskolin, ionomycin (PFI) cocktail], all purchased from Sigma-Aldrich (St. Louis, MO). We previously showed that PFI treatment mimics exercise response in myotubes by increasing palmitate oxidation and mitochondrial oxidative phosphorylation complex expression and by improving glucose uptake (27) .
Nucleosome positioning in the PGC1a promoter
Mononucleosomal and genomic DNA were extracted by dounce homogenization in a 0.25 M sucrose buffer, as previously described (10) . Following release of the chromatin from nuclei, mononucleosomal DNA samples were treated with micrococcal nuclease for 15 minutes at 37°C whereas genomic DNA was left untreated. All samples were lysed and treated with proteinase K to digest away histone proteins, and EtOH was precipitated before use in scanning polymerase chain reaction (PCR) assays.
For scanning PCR, overlapping primer pairs were designed to target the promoter region of the PGC1a gene from approximately the 2800 nt to the 2100 nt upstream of the transcriptional start site (TSS), specifically encompassing the known regulatory 2260 nt ( Fig. 1 ; Table 2 ), as previously described (18) . Scanning PCR products for each primer pair were run on a 1.2% agarose gel and quantified by densitometry with ImageJ software. Mononucleosomal DNA band intensity was normalized by genomic DNA input band intensity for each sample and reaction. Quantified and normalized results were analyzed by a Student t test or repeated measures analysis of variance and post hoc Tukey test as necessary.
Quantitative real-time PCR
Quantitative real-time PCR (qRT-PCR) was performed to determine gene expression as previously reported (10) . Briefly, total RNA was isolated using TRIzol per the manufacturer's protocol, followed by column purification using a Qiagen RNeasy kit. Messenger RNA (mRNA) was converted to complementary DNA using Promega Moloney murine leukemia virus reverse transcription and used in subsequent qRT-PCR. qRT-PCR was performed on the ABI 7900HT platform using commercially available ABI TaqMan assays to measure PGC1a (Hs01016719_m1), PPARa (Hs00947538_m1), and pyruvate dehydrogenase kinase isozyme 4 (PDK4; Hs01037712_m1) expression as previously described (25) . qRT-PCR data were analyzed using the delta delta cycle threshold (DDCt) method.
Pyrosequencing
DNA methylation of the regulatory 2260 nt in PGC1a was determined in duplicate via pyrosequencing, as previously described (10) . Briefly, genomic DNA was isolated using a Qiagen DNeasy kit, amplified with nested primers, bisulfite converted with the Qiagen EpiTect bisulfite kit, and the 2260 nt was pyrosequenced on the Qiagen PyroMark platform using primers previously published (9) and shown in Table 2 . Based on pyrosequencing results, subjects were divided into high (change in DNA methylation percentage # 0; n = 6) or low (change in DNA methylation percentage . 0; n = 5) responders to exercise training.
Statistical analysis
Data were analyzed via a Pearson r correlation, a Student t test or repeated measures analysis of variance, and a post hoc Tukey test to determine significant differences as appropriate, using GraphPad Prism software, version 6.0 (GraphPad Software, La Jolla, CA). A P value of #0.05 was considered statistically significant. All data are presented as mean 6 standard error of the mean.
Results
Nucleosome positioning in the PGC1a promoter
Scanning PCR experiments in skeletal muscle from before and after samples used overlapping primer pairs that spanned the PGC1a promoter region from 2800 nt to the 2100 nt, as depicted in Fig. 1(a) . Scanning PCR results showed that the first nucleosome located upstream of the TSS or 21 N exhibited phasing within approximately the 2200 to 2500 nt region [ Fig. 1(a) ]. In response to an acute exercise bout, a significant increase the PCR product from mononucleosomal DNA primer pair 2 and reduced expression in primer pair 4 with no change in primer pair 3 were observed [ Fig. 1(b) ]. In complementary in vitro experiments, cultured primary human myotubes from T2D individuals showed an increase in nucleosome occupancy of the 21 N under basal conditions in comparison with lean individuals [ Fig. 1(c) ]. Following treatment with the exercise mimetic cocktail (PFI), 21 N occupancy near the 2260 nt decreased in T2D cultures to similar levels as those seen in lean individuals whereas occupancy in PFItreated T2D cultures increased further upstream of the TSS [ Fig. 1(c) ]. These data indicate the presence of a phased 21 N within the PGC1a promoter whose position is altered acutely by exercise, with the 21 N being positioned closer to the TSS before exercise, spanning from approximately nt 2350 to 2190, and being repositioned farther upstream from the TSS after exercise, approximately spanning the region from nt 2500 to 2300.
Fold change of PGC1a gene expression significantly increased in response to exercise-induced 21 N repositioning
The 21 N plays an important regulatory role in determining gene expression and may be epigenetically regulated, and epigenetic upregulation of PGC1a expression through DNA hypomethylation at the 2260 nt has been shown to correlate with increased skeletal muscle mitochondrial number and function (9, 13) . To determine whether exercise-induced repositioning of the 21 N in the present study may alter gene expression, PGC1a mRNA was quantified in before and after muscle biopsy samples by qRT-PCR. The acute bout of exercise significantly increased fold change of PGC1a gene expression in after compared with before samples [1.05 6 0.08 to 1.29 6 0.11 fold change; Fig. 2(a) ]. Additionally, we found a significant positive correlation (r 2 = 0.43, P = 0.03) between PGC1a gene expression and the 21 N position upstream of the TSS, away from the 2260 nt [ Fig. 2(b) ]. These data suggest that, in skeletal muscle, exercise-induced repositioning of the 21 N away from the 2260 nt site may lead to increases in PGC1a expression. Fold change of PGC1a gene expression significantly increased in response to exercise-induced hypomethylation at the 2260 nt in high but not low responders The 2260 nt DNA methylation is known to epigenetically regulate PGC1a and downstream mitochondrial adaptations in skeletal muscle (9, 10) , and the response to exercise training shows interindividual heterogeneity that cannot be explained wholly by genetic variance (20) (21) (22) (23) . Individual physiological responses to exercise training, such as mitochondrial adaptations and PGC1a levels, may result from differential epigenetic regulation of gene expression. To determine the relationship between 2260 nt methylation and 21 N positioning and the contribution of interindividual epigenetic variation in determining acute exercise-induced epigenetic regulation of PGC1a in association with muscle lipid metabolism and mitochondrial content, we divided our participants into high and low responders based on exercise-induced DNA methylation changes at the 2260 nt [ Fig. 3(a) ]. There were no significant differences in anthropometric measurements between high and low responders (Table 1) . High responders to exercise showed a significant decrease in PGC1a 2260 nt methylation compared with low responders [ Fig. 3(a) ]. Additionally, scanning PCR results showed a significant increase in primer pair 2 in high responders and a decrease in low responders after vs before exercise with no change in primer pair 3 and a decrease in primer pair 4 in high responders only [ Fig. 3(b) ]. In conjunction with epigenetic modifications, high but not low responders showed a significant increase in PGC1a gene expression [ Fig. 3(c) ]. Furthermore, we have previously reported that acute exercise in the present individuals significantly upregulates expression of skeletal muscle PPARa and PDK4, transcription factors known to be coactivated and upregulated, respectively, by PGC1a (26) . In this study, we found that in those individuals showing exerciseinduced upregulation of PGC1a, both PPARa and PDK4 were also upregulated (Fig. 4) . Additionally, PDK4 upregulation occurred in response to exercise irrespective of changes in PGC1a [ Fig. 4(b) ]. Although PDK4 is a known PGC1a target gene, it has been shown previously that PDK4 upregulation in skeletal muscle occurs through both PGC1a-dependent and independent pathways, as PDK4 is upregulated by adenosine 5 0 -monophosphate-activated protein kinase activation in PGC1a knockout muscle (28) . Collectively, these data indicate that epigenetic modifications within the PGC1a promoter may be necessary for determining PGC1a gene expression and that of related transcription factors and may play a role in determining interindividual variation in exercise responsiveness.
Whole-body and IMCL responses to acute endurance exercise
Skeletal muscle is one of the first sites to exhibit IR during the onset of T2D, partially due to decreased mitochondrial b-oxidation of fatty acids and ectopic lipid deposition in the form of IMCL (29, 30) . Exercise ameliorates IR by acutely decreasing circulating insulin levels while increasing insulin-independent glucose uptake and reversing fatty acid-induced impairment in insulin sensitivity by decreasing ectopic lipid storage (31, 32) and promoting lipolysis and fatty acid oxidation in muscle (33) . To determine whether exercise-induced DNA hypomethylation and repositioning of the 21 N in the PGC1a promoter in high responders is also associated with altered glucose and lipid metabolism, representative systemic and muscle-specific markers were assessed. As expected, the acute bout of endurance exercise significantly decreased serum insulin levels while increasing FFA levels [ Fig. 5(a) and 5(b) ], suggesting that endurance exercise acutely contributes to insulin sensitization and increases reliance on fatty acids vs glucose for substrate utilization. Interestingly, we observed no change in IMCL following the acute bout of exercise [ Fig. 5(c) ]. Given that exercise-induced metabolic effects on lipid metabolism show interindividual variation (23), we examined the effects of the acute bout of endurance exercise in high vs low responders on serum FFA and insulin levels and IMCL. Interestingly, whereas exercise similarly increased FFA levels in high and low responders, exercise acutely decreased insulin only in high but not in low responders [ Fig. 5(d) and 5(e) ]. Additionally, in high but not in low responders, we observed a significant decrease in skeletal muscle IMCL [ Fig. 5(f) ]. These data indicate increased reliance on fatty acids vs glucose during exercise in individuals demonstrating exerciseinduced hypomethylation of the 2260 nt and 21 N repositioning away from the 2260 nt within the PGC1a promoter. Increased lipolysis resulting in circulating levels of FFA must be matched by oxidation rates in skeletal muscle during exercise to prevent ectopic lipid The 2260 nt DNA methylation levels in the PGC1a promoter were determined by pyrosequencing and the change in methylation levels from pre-exercise to post-exercise were determined. Participants in the acute exercise bout showing no change or an increase in methylation were considered low responders (clear). Participants with a decrease in PGC1a 2260 nt DNA methylation were considered high responders (striped). (b) Scanning PCR was performed in the promoter region of PGC1a in low (clear) and high responders (striped bars) before (Pre; white bars) and immediately after exercise (Post; gray bars), and densitometry results are shown for primer pairs 2, 3, and 4 [see Fig. 1(a) ]. Representative gel images and a schematic of approximate positions of the 21 N within the PGC1a promoter are depicted below the scanning PCR result graphs for each condition. (c) PGC1a mRNA expression was determined by qRT-PCR in skeletal muscle samples from low (clear) and high responders (striped) before (Pre; white) and immediately after exercise (Post; gray). All data are presented as mean 6 standard error of the mean. *P , 0.05; ***P , 0.001. gDNA, genomic DNA. deposition and to promote decreases in IMCL (33) . Thus, our data suggest that only those individuals exhibiting epigenetic upregulation of PGC1a expression may benefit by increased fatty acid utilization and decreased lipid accumulation in muscle, which may result in insulin sensitization (31) .
Discussion and Conclusion
Exercise is known to increase PGC1a expression and insulin sensitivity while improving skeletal muscle mitochondrial function and decreasing ectopic lipid deposition in the form of IMCL. Recently, exercise has also been shown to epigenetically regulate PGC1a expression via DNA and histone methylation in skeletal muscle (13, 34) , with exercise-induced decreases in PGC1a promoter methylation resulting in increased gene expression and mitochondrial function and number (13) . In this study, we demonstrate that an acute bout of endurance exercise repositions the 21 N in the PGC1a promoter upstream of the regulatory 2260 nt methylation site. We also show that exercise-induced PGC1a expression 21 N repositioning is correlated with increased gene expression and associated with decreased 2260 nt methylation levels and IMCL content in high but not low responders. Decreased PGC1a expression and skeletal muscle mitochondrial dysfunction, such as incomplete oxidation of fatty acids, and increased lipid deposition have been noted during obesity and IR and may be causative in disease onset and progression (10, 30, (35) (36) (37) . Consistent with these reports, others have shown that the PGC1a promoter is hypermethylated in T2D muscle (9) . We have previously shown that the 21 N position within the PGC1a promoter may be critical in determining cardiovascular disease risk in overweight and obese individuals and that in the obese, insulin-resistant state the 21 N is positioned over the regulatory 2260 nt methylation site, and PGC1a is hypermethylated here (10, 18) . Additionally, repositioning of the 21 N in conjunction with decreased 2260 nt methylation may contribute to amelioration of diet-induced obesity and IR via subsequent increases in mitochondrial function and complete b -oxidation of fatty acids in skeletal muscle (10, 18) . Thus, the ability to epigenetically upregulate PGC1a, a major regulator of mitochondrial adaptations that determine lipid metabolism and subsequently deposition, through exercise training may be sufficient to ameliorate chronic disease states.
Unfortunately, exercise prescription for prevention and treatment may need to be adapted to the individual, as exercise training leads to differential individual responses, with some individuals exhibiting a greater response to stimuli than others (19) . In some cases, individuals have shown no response to exercise training or even adverse responses (38, 39) . Importantly, interindividual responses in PGC1a expression have been noted following exercise training in high vs low responders (40) . Although interindividual variation to exercise training may be partially explained by genetic variation, most interindividual variation cannot be explained by genetic factors alone (20) (21) (22) (23) . As PGC1a is a major regulator of skeletal muscle mitochondrial adaptations that is epigenetically regulated by DNA methylation and epigenetic regulation is dependent on environmental inputs such as exercise, it is possible that interindividual responses to exercise training may also be epigenetically regulated. Indeed, we found phasic responses to an acute bout of cycling exercise resulting in dichotomy in DNA methylation status at the 2260 nt of PGC1a in skeletal muscle. Subsequent division of participants into high and low responder-based changes in DNA methylation status alone revealed that exerciseinduced repositioning of the 21 N in the PGC1a promoter, upstream of the regulatory 2260 nt methylation site, occurred only in high but not in low responders. Additionally, high responders but not low responders showed upregulation of PGC1a expression, decreases in serum insulin in conjunction with increased serum FFA levels, and decreased levels of IMCL. Collectively, these data reinforce the conclusion that exercise acutely epigenetically regulates PGC1a expression through alterations in DNA methylation at the 2260 nt and through 21 N repositioning. Furthermore, beneficial metabolic adaptations suggesting an increase in fatty acid utilization and decrease in storage resulting in ectopic lipid deposition as IMCL were observed only in those individuals in which PGC1a was epigenetically upregulated. Muscle adaptations consistent with exercise-induced upregulation of PGC1a are known to occur in conjunction with upregulation in expression of several transcription factors that are coactivated by PGC1a and work synergistically to bring about the effects of PGC1a. A similar mechanism of epigenetic regulation may occur within these genes as part of a coordinated response to exercise. Indeed, it has been recently reported that transcription factor a, mitochondrial, myocyte enhancing factor 1A, and PDK4 promoter methylation levels are decreased by an acute bout of exercise, and hypomethylation in transcription factor a, mitochondrial and PDK4 translated to increased gene expression following exercise (13) . Although we did not measure promoter methylation in these associated genes in the present study, we did observe significant increases in PDK4 and PPARa expression following the acute bout of exercise. It is possible that this increase is due to hypomethylation (13) , and that PDK4 and PPARa act synergistically with PGC1a to induce exercise responses in skeletal muscle of high responders, and epigenetic regulation of PGC1a may be necessary to convey the beneficial metabolic adaptations of exercise training.
Importantly, note that only lean, sedentary male subjects were included in the present study, and a small sample size was available for hypothesis testing. However, as exercise training results in similar outcomes in PGC1a expression in overweight/obese and in exercisetrained individuals and because the exercise mimetic PFI resulted in decreased 21 N occupancy in the PGC1a promoter in the present study, we would expect similar results in other populations of individuals in which exercise results in metabolic benefits. Another limitation of the present study is the lack of measurement of PGC1a protein levels and posttranslational modifications that may affect its activity (41) and lack of measurement of DNA methylation of other metabolic genes that may act synergistically with PGC1a in determining exerciseinduced skeletal muscle responses. Posttranslational modifications to the PGC1a protein have been extensively studied (41) , and it is possible that although we see an increase in PGC1a transcript levels, the activity of the protein could be unaffected by acute exercise. However, others have shown that upregulation of PGC1a transcript levels coincides with PGC1a activity and PGC1a-dependent skeletal muscle adaptations in response to an acute exercise bout (13, 42) . Furthermore, it is possible that whereas exercise-induced PGC1a hypomethylation and gene upregulation is needed for skeletal muscle mitochondrial adaptations, it is dispensable for determining chronic exercise-induced muscle adaptive changes or obesity and IR (43) (44) (45) (46) . However, our data in this study and those of others suggest that the acute metabolic effects of exercise are mediated through epigenetic regulation of PGC1a in muscle (13) .
In summary, the results presented in this study identify the effects of an acute bout of exercise on 21 N positioning and its role in the epigenetic regulation of PGC1a and downstream metabolic adaptations. They furthermore show that epigenetic regulation of PGC1a through DNA methylation and 21 N positioning may explain interindividual variation in response to exercise training. These findings emphasize the importance of epigenetics in IR and in determining exercise responsiveness.
